Basic Oscillator Model

 Oscillator has positive feedback loop at
selected frequency

e Barkhausen criteria implies that the
multiplication of the transfer functions of
open loop amplifier and feedback stage Is

F (@H, (@) = 1

e Barkhausen criteria aka loop gain equation




LC Oscillators — Lower RF Frequencies
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(a) Hartley oscillator (b) Colpitts oscillator




LC Oscillators — Lower RF Frequencies
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(a) Common gate (b) Common source (c) Common drain




LC Oscillators — Lower RF Frequencies
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e Can also design with BJTs.



High RF & Microwave Oscillators

» Take advantage of our knowledge of
stability

* Rollett Stability Factork <1



Microwave Oscillator Signal Flow
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Creating Oscillator Condition

* Frequently begin with common-base or
common-gate configuration

« Convert common-emitter s-parameters to
common-base (similarly for FETSs)

e Add inductor In series with base (or gate)
as positive feedback loop network to attain
unstable Rollett factor k <1



Unstable Condition — Oscillation
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Inductor Value for OSC|IIat|on

» Must repeat e, bl ockr ol atrn commonbse mode 5 b it
preVIOUS D581
calculation of
Rollet Factor ;..
for each value 5=
of L
 Inthis
example
L : 5 nH --l:.l 1 2 3 Eiaeurm:tﬁ:ar-:eLn?-l ! g L

= -0.935613, s,, = -0.002108,
s,, = 1.678103, s,, = 0.966101
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Unstable Transistor Oscillator Design

Select potentially unstable transistor at freq
Select appropriate transistor configuration
Draw output stability circle in ', plane

Select appropriate value of I, to produce largest
possible negative resistance at input of transistor
yielding |, [>1and Z;, <0

Select source tuning impedance Zs as If the
circuit was a one-port oscillator by R + R, <0
typically Rg = |R /3, Ry < 0 and X¢ = -X;
Design source tuning and terminating networks
with lumped or distributed elements



Dielectric Resonator Oscillator (DRO)

Tuning

(a) Terminated microstrip line with DR (b) Transmission line model



DRO Networks
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DR-based input matching network of the FET oscillator
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Varactor Diodes (Voltage Variable Caps)
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Gunn Elements For Oscillators

Iy
Golden
A contact
/ II'I'IZIZ‘L
%ZJ}Z;Z; - Cathode
L active layer r l

”+ (10, 20 um) /
£
L Metalwé"“"ﬁum}dc H&

| \ Fo >V

(a) Gunn element structure (b) Current vs. applied voltage response




Gunn Oscillator with DRO

Gunn
glement




Mixer Basics
Y7 Mixer

LNA Combiner Detector
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Basic mixer concept: two input frequencies are used to create new
frequencies at the output of the system.
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Mixing Process Spectrum

(&) Down- and upcsnveried spectral products
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Simple Diode and FET Mixers
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Compression Point and 3 Order Intercept

Ideal P,, vs. P, curve
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Single-Ended BJT Mixer
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Single-Ended BJT Mixer Design
Biasing Network

Z, (fup)=(77.9 — j130.6)Q Z..(fi) = (677.7 - 2324)Q2



Single-Ended BJT Mixer Design
LO and RF Connection




Single-Ended BJT Mixer Design
RF Input Matching Network
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Single-Ended BJT Mixer Design
Modified Input Matching for RF




Single-Ended BJT Mixer Design
Completed Design

[nput matching (
network |

Output matching

L// network

° f |.:-'

" f, blocking

capacitor



